For the first time, researchers working on migratory Monarch butterflies have identified a molecular pathway possibly linking the creature's central circadian clock to photoreceptors involved in its "sun compass"-which the butterfly uses to orient its flight during migration. Their findings are published in this week's issue of Neuron.
"We've known for a while that the circadian clock plays a role in the Monarch butterflies' timecompensated navigational system, but the molecular mechanisms are still a mystery," said coauthor Steven Reppert, from the University of Massachusetts Medical School in Worchester.
To maintain the constant direction of their navigation during their fall journey south from the northern United States and Canada to Mexico, Monarch butterflies are known to use guideposts of the daylight sky. The most consistent of these references is the sun, but other celestial cues also come into play, such as polarized light reflecting from the sun. Another indispensable factor for keeping a fixed orientation despite the movement of the sun during the day is the butterfly's ability to compensate time.
"In order for the butterfly to maintain its direction when the sun is moving through the sky, it has to change its angle of flight in respect to that of the sun," said Lincoln Brower from Sweet Briar College in Sweet Briar, Va., who did not participate in the study.
To provide a link between the clock and the compass, the team performed three series of experiments focusing on polarized light inputs. By cloning the cDNA of different visual pigment-encoding opsins in the eye, the researchers first characterized the photoreceptors sensitive to radiation light. While most regions of the retina expressed all different types of opsins, the polarized specialized dorsal rim area of the eye was monochromatic for ultraviolet (UV) opsins.
The team then performed behavioral studies using a flight simulator with a polarized light filter, to confirm that UV light is the wavelength that affects the polarized light receptors. They observed that in the absence of direct light from the sun, the butterflies still adapted their orientation to that of the moving filter. "But when UV inputs were blocked, the butterflies started flying in circles," Reppert told The Scientist.
In the third step, the team used immunocytochemistry to identify the presence of the Period and Timeless genes-which are thought to code for the circadian clock when expressed together. The genes were expressed in the dorsolateral protocerebrum of the butterfly's brain, in a rhythmic pattern. Using cryptochrome staining, a known circadian photoreceptor in the fly, the team was also able to detect a neural pathway that they said may connect the circadian clock to the polarized light inputs entering the dorsal rim area. Now that a possible anatomical link has been identified between these two components, the next step will be to try and find out through electrophysiological studies if this pathway does transmit timecompensated information. "But because other cues are involved, there are probably other pathways we still don't know of that connect the clock to the different aspects of the sun compass," noted Reppert.
